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Abstract 98 
Tree City USA (TCU) has worked with communities across the United States to enhance their urban 99 
forests, thereby providing oxygen, air conditioning, pollution and temperature reduction, wind breaks, 100 
and habitat for urban wildlife.  It is well known that the endeavors of TCU have increased the aesthetics 101 
and health of urban centers in Illinois as well as across the nation.  However, no one has quantitatively 102 
measured the ecological significance of this program and benefits of TCU status at a state-wide scale.   103 
This project considered tree land cover, stream water quality, bird species diversity, and the fish index of 104 
biotic integrity (IBI) across communities in correlation with Tree City USA status and level of tree care in 105 
communities based on the United States Department of Agriculture Forest Service’s annual state 106 
reporting system, the Community Accomplishments Reporting System (CARS).  Illinois is comprised of 107 
varying topographic, geographic, and sociologic regions ranging from bluffs, to extensive farm land, to 108 
major urban centers.  To address this regional variation the state was divided into three regions: 109 
Northeastern, Central, and Southern Illinois based on county boundaries.  We found significantly more 110 
bird species observations during spring and fall migration Tree City communities compared to non-Tree 111 
City communities.  Communities with sustaining tree care programs (as assessed by CARS) had 112 
significantly more birds species observed than communities with no tree care or developing tree care 113 
programs, especially in the spring and fall.  Tree canopy cover, stream water quality parameters, and fish 114 
IBI did not correlate with Tree City communities, indicating that the benefits of the TCU program to 115 
these ecosystems may be at a more local scale.  These preliminary analyses suggest the opportunity and 116 
need for further and more localized or smaller-scale research.   117 
 118 
  119 
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Introduction 120 
Citizens benefit from living in high quality forests managed for aesthetics, health, and safety that 121 
provide oxygen, air conditioning, pollution and temperature reduction, wind breaks, and wildlife habitat. 122 
These benefits of trees in urban areas have been well documented by scientists such as McPherson et al. 123 
(1994) and Dwyer et al. (1992).  Research shows that the urban forest provides social, psychological, and 124 
ecological benefits (Dwyer et al. 1991, Dwyer et al. 1992, Xiao 1998, Elmendorf 2008).  For example, 125 
Xiao (1998) found that urban trees intercept more rainfall pollutant washout than traditional flood 126 
control methods in Sacramento County, CA.  Elmendorf (2008) explained how the natural environment 127 
supports and enhances personal and community pride as well as being the stimulus for collaborative 128 
actions.  Benefits also extend to social aspects such as reducing crime and domestic violence in inner city 129 
areas (Kuo and Sullivan 1996, Kuo and Sullivan 2000).  As the landscape across America becomes more 130 
urbanized, government and non-profit organizations strive to make these urban centers more 131 
ecologically friendly as well.   132 
 133 
Since the 1990’s the United States Department of Agriculture Forest Service (USDA FS) has fully funded 134 
the National Urban and Community Forestry program (USDA FS UCF).  These federal funds are 135 
mandated to annually allocate funds for the establishment and maintenance of statewide urban and 136 
community forestry programs.  The Illinois Department of Natural Resources (IDNR) is sanctioned to 137 
provide leadership for implementation of the USDA FS UCF program.  As authorized by the Urban and 138 
Community Forestry Assistance Act, the Illinois State Urban and Community Forestry (IDNR UCF) 139 
program was instituted to help establish and provide assistance to local municipal programs to increase 140 
the health and diversity of local community forests.  Through the Act, in cooperation with the USDA FS 141 
authorities and guidelines, the IDNR UCF program provides technical and financial assistance to 142 
communities for community forest management and thus serves 80 percent of Illinois’ population.  The 143 
purpose of IDNR UCF program is to assist communities and local units of government in the 144 
development and growth of local community forestry programs.  Because of the close financial tie of the 145 
state program to the national program, the purpose of the state program essentially parallels the 146 
federal program mission.  Through this federal, state and local partnership several program components 147 
have been implemented including  technical assistance, educational programs, Urban and Community 148 
Forestry Grants, Small Business Administration (SBA) Tree Planting Initiative Grants and the Tree City 149 
USA Program (TCU)– an Arbor Day Foundation (ADF; formerly the National Arbor Day Foundation) 150 
national recognition program for local municipalities.  These combined partnership efforts have helped 151 
heal our community forests and re-grow ecological habitat in urban systems.   152 
 153 
One of the ways urban and community forestry management has helped our nation’s municipalities is 154 
by helping diversify urban forests.  In the 1970’s some municipalities had little tree species diversity with 155 
60-100 percent of their urban forest stands being comprised of American elm trees.  When Dutch elm 156 
disease (DED) swept across the nation killing large numbers of elms, it brought about great habitat 157 
devastation in urban and community environments.  After the DED destroyed municipal forests, there 158 
was a national awakening and realization that communities and urban areas needed technical and 159 
financial assistance to better manage their forest resources.  As a response to this emerging national 160 
issue, the US congress established the USDA FS UCF program.  The Program contained language for the 161 
establishment of statewide urban and community forestry programs that could provide technical 162 
assistance to local communities.  Municipalities that became engaged in the urban and community 163 
forestry movement began diversifying their urban forests to provide quick canopy recovery.  Five main 164 
species were planted including silver maple, ash, linden, honey locust, and crabapples.  This resulted in 165 
an average of 20 percent species diversity for many of these communities.  Communities are now 166 
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encouraged to continue diversifying their urban forests by planting no more than 10 percent of any one 167 
tree species.  Long standing Tree City communities have been most proactive about diversification of 168 
their tree species.   169 
 170 
It well known that the endeavors of TCU have increased the aesthetics and health of urban centers in 171 
Illinois, as well as across the nation.  However, no one has quantitatively measured the ecological 172 
significance of the TCU program and the IDNR UCF program.  Dwyer et al. (1992) suggest an ecosystem 173 
approach would link research with management practices to increase the benefits of the urban forests 174 
to residents.  His comments can be applied to the ecological benefits of the urban forest ecosystem at 175 
landscape scales as well.  Additionally, urban and community forestry program initiatives would benefit 176 
the ecosystem even more if management activities were directed by responses to scientific questions 177 
such as: Which trees species attract desirable birds?; How do tree size and diversity affect the ecological 178 
usefulness of wooded corridors?; or How does the composition of tree species and/or location of 179 
planting help reduce pollutants and run off in urban areas?  Answers to questions such as these provide 180 
urban foresters with useful tools that can be used to address micro and macro urban forest 181 
management for a greater ecological good.   182 
 183 
The urban forest is an ecological asset that has not always been given equal acknowledgement within 184 
the scientific community.  While many have observed, studied, and measured benefits of the urban 185 
forest to urbanites, air quality, and ecological interactions, no such study has considered tangible 186 
ecological implications at a landscape scale.  This study looks at the impacts of the IDNR UCF program as 187 
a component of sound urban forest management in an effort to build sustainable communities for local 188 
flora and fauna as well as humans.  This project sought to explore the possible correlations of the 189 
occurrence of Tree City communities and the Community Accomplishments Reporting System (CARS) 190 
status of communities with potential ecological benefits in order to determine what benefits are already 191 
being provided with the current urban forestry management regimes.  Secondly, this project aimed to 192 
identify ecological variables that may need further or different analyses to aid the development of 193 
management prescriptions and to best determine appropriate statewide technical assistance.  This 194 
project, while large scale and generalized, is meant to provide suggestions where research and 195 
management could be best conducted. 196 
 197 
Methods 198 
Due to the short time frame of this project, we chose data that were readily available to us.  199 
Collaborations among multiple agencies have resulted in many data layers available for spatial and 200 
statistical analyses.  The US Forest Service defines communities based on political boundaries and urban 201 
lands based on population densities.  For the purpose of this project, we focused on community 202 
boundaries for delineation between “urban” and rural (i.e., not falling within the political community 203 
boundaries).  Using these boundaries, we were able to calculate percentage of land cover and 204 
measurements of ecological metrics for communities and rural areas. 205 
The state of Illinois covers a large expanse of land and multiple areas of varying population densities, 206 
habitat types, and levels of expected tree canopy cover.  To address this regional variation the state was 207 
divided into three regions: Northeastern, Central, and Southern Illinois based on county boundaries.  208 
Political boundaries were chosen to delineate the state as opposed to ecological boundaries (e.g., 209 
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natural divisions) because analyses address tree care in communities (also a political boundary), yet the 210 
three regions chosen represent different socio-geographic areas of the state (Figure 1). 211 
Sources of Data 212 
Tree Care 213 
Two sources of data were used to assess community level tree care: Tree City USA status from the ADF 214 
and ratings from CARS.  CARS ratings are required as a reporting mechanism in order to receive the 215 
USDA FS UCF Program allocation of funds. 216 
The Tree City USA program, developed by the ADF in cooperation with the USDA FS and the National 217 
Association of State Foresters, provides direction, technical assistance, public attention, and national 218 
recognition for local urban and community forestry programs.  The Program creates an awareness of 219 
trees and associated benefits as well as encouraging communities to plant trees across the nation.  220 
When established, the TCU program created the basic foundation for today’s local municipal forestry 221 
programs.  The ADF’s mission is to inspire people to plant, nurture, and celebrate trees.  To hold TCU 222 
status, municipalities are required to: (1) establish tree authorities for dealing with tree related matters 223 
at the local level, (2) implement a tree care ordinance that designates who has tree authorities and 224 
standards for urban forestry management, (3) spend $2 (initially $1) per capita on tree management and 225 
care, and (4) celebrate Arbor Day with the mayor officially proclaiming the day as ARBOR DAY (Figure 2).   226 
More about the ADF and Tree City USA can be found at 227 
http://www.arborday.org/programs/treeCityUSA/index.cfm.   228 
IDNR is the designated agency for administering the USDA FS UCF program at the state level.   Through 229 
IDNR UCF and partnerships, this program provides technical and financial assistance to help 230 
communities plan, protect, establish, and manage trees, forests, and related resources to improve the 231 
livability of their communities.  As part of the program, state forestry agencies are responsible for 232 
recording tree care levels for communities into the CARS database.  CARS status for each community is 233 
based on four criteria: (1) a tree management plan, (2) staff dedicated to tree care, (3) a tree ordinance, 234 
and (4) a volunteer/advocacy base.  Communities are listed as a sustaining program if they meet all four 235 
criteria and as a developing program if they meet one to three of the criteria (Figure 3).  More about the 236 
national program (USDA FS UCF) can be found at http://www.fs.fed.us/ucf/.  The website for the state 237 
program (IDNR UCF) is http://www.dnr.illinois.gov/NaturalResources/Pages/CommunityTrees.aspx 238 
 239 
  240 
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 241 
Figure 1.  Map showing communities in Illinois delineated by regions.  Regional delineation was based on 242 
county boundaries and used to account for the socio-geographic differences between communities in 243 
the Northeastern, Central, and Southern Regions of the state.    244 
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 245 
Figure 2.  Map of communities holding Tree City USA Status in 2009.  To become a Tree City community 246 
it must have a tree board or department, a tree care ordinance, a community forestry program with an 247 
annual budget of at least $2 per capita, and an Arbor Day observance and proclamation.   248 
  249 
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 250 
Figure 3.  Distribution of urban and community forestry programs in Illinois, 2009, according to the 251 
Community Accomplishments Reporting System (CARS) for the US Forest Service Urban and Community 252 
Forestry Program.   To be a sustaining urban forestry program, the community must have (1) a tree 253 
management plan, (2) staff dedicated to tree care, (3) a tree ordinance, and (4) a volunteer base.  254 
Communities are listed as a developing program if they meet at least one of the criteria.   255 
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Land Cover 256 
The National Agricultural Statistics Society (NASS) is primarily in charge of land cover statistics related to 257 
agricultural practices.  NASS uses satellite imagery to categorize land cover in the state into over 50 258 
different cover types.  Many of these cover types are agricultural in nature, but recently they have 259 
improved the urban land cover classification techniques.  As a result, annual, up-to-date land cover 260 
datasets are available for free public download.  Land cover data were downloaded from NASS 261 
(http://www.nass.usda.gov/).    262 
The USDA FS also reports how land cover, especially forest, green space, and developed (i.e., urban) 263 
coverage, vary across states and time.  Nowak and Greenfield (2010) recently published an update 264 
based on the 2000 census data and the National Land Cover Database (NLCD) which was processed from 265 
the 2001 Landsat satellite imagery.  This data layer provides percentage of area covered for tree canopy, 266 
green space, developed land, and impervious surface within 30 m2 pixels.  All land cover percentages for 267 
the NLCD are calculated using the land area, not including water.  Tree canopy cover includes deciduous, 268 
evergreen and mixed forest cover types.  Developed land cover includes open space, low-, medium- , 269 
and high-density urban lands.  Nowak and Greenfield (2010) reported that the NCLD underestimates 270 
both tree canopy and urban land cover compared to photo-interpreted values in a relatively consistent 271 
manner (therefore these data are still adequate for analyses). 272 
The US Census Bureau maintains not only data on the number of people living in communities and 273 
states, but also maintains political boundaries spatially through the use of a Topologically Integrated 274 
Geographic Encoding and Referencing system (TIGER).  Political boundaries are updated annually and 275 
provided on the internet for free public download.  Municipal boundaries for 2009 were downloaded 276 
from the US Census Bureau as a TIGER shape file (http://www.census.gov/geo/www/tiger/).  Proportion 277 
of land cover types were calculated for each municipality in Illinois using the NASS land coverage from 278 
2009.  These data are slightly different from the report by Nowak and Greenfield (2010) since they used 279 
land cover data from 2001.   280 
We chose to look at both land cover approaches because the data from Nowak and Greenfield (2010) 281 
are more likely to be referenced throughout the next ten years (until a new update is published), but the 282 
data from NASS is more up-to-date and at an improved resolution.   283 
Birds 284 
The Avian Knowledge Network (AKN 2009) is an international organization of government and non-285 
government institutions focused on understanding patterns and dynamics of bird populations across the 286 
Western Hemisphere.  Based out of the Cornell Lab of Ornithology, the AKN manages a database of bird 287 
observations worldwide.  Data can be downloaded from www.avianknowledge.net (AKN 2009).   Data 288 
are collected from bird-monitoring, bird-banding, and broad-scale citizen-based bird-surveillance 289 
programs and are put through a data validation process to ensure accuracy.  All bird observation points 290 
for Illinois in 2009 were downloaded (Figure 4).  A complete description of the AKN, its data 291 
management and data sharing policies can be referenced at 292 
http://www.avianknowledge.net/content/about/akn-data-sharing-policy .   293 
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 294 
Figure 4.  Distribution of birding observation points in 2009 from the Avian Knowledge Network.  Sites 295 
indicated with a square fell within the municipal boundary of a Tree City community, those indicated 296 
with an asterisk fell within a non-Tree City community, and those indicated with a grey dot did not fall in 297 
a municipality (i.e., rural).   298 
 10 
 
Fish 299 
Fish populations in Illinois streams are monitored by the Illinois Department of Natural Resources (IDNR) 300 
in cooperation with the Illinois Environmental Protection Agency (IEPA) to monitor stream health.   An 301 
Index of Biotic Integrity (IBI) for fish has been developed and is widely used for fish populations in the 302 
state (Smogor 2000).  An IBI is a method of combining information about all fish species collected at any 303 
given site in a way which provides a number for that site that is indicative of the quality of the fish 304 
population and therefore reflects the overall health of the stream segment.  The IBI is comprised of 305 
several metrics that reflect different attributes about the fish population.  Each metric is given a 306 
standardized value based on regional reference data.  This standardized value, called a metric score, 307 
replaces the observed value.  Combining the metric scores results in an IBI score that reflects the overall 308 
health of the population.  A complete description of the IBI as calculated for Illinois streams can be 309 
found in Smogor (2000). 310 
Water Quality 311 
As part of the cooperation with the IDNR, the IEPA collects water quality parameters at sites statewide 312 
(IEPA 1994).  These data collected in compliance with standard protocol, which can be found at 313 
http://water.epa.gov/scitech/monitoring/rsl/bioassessment/index.cfm.  Data are collected on a 5-year 314 
rotational basis, but to ensure accurate comparisons, we only used data from points collected in 2009 to 315 
compare to the 2009 communities’ Tree City USA and CARS status. 316 
 317 
Analysis of Data 318 
Analyses were conducted using SPSS 17 (SPSS 2008).  Data were examined and normalized where 319 
needed.  Analysis of Variance (ANOVA) was used to compare data from communities with varying levels 320 
of tree care (i.e., with and without Tree City USA status, and sustaining, developing or no tree care in the 321 
CARS database).  Significance was set at a probability level of p = 0.05. 322 
Land Cover 323 
Percentages of land cover as urban, impervious, and tree canopy cover were compared for communities 324 
with varying levels of tree care (i.e., with and without Tree City USA status, and sustaining, developing or 325 
no tree care in the CARS database).    326 
Birds 327 
Data were downloaded for all 2009 bird observation points in Illinois and imported into Access 328 
(Microsoft 2007) where a series of queries were used to count the number of unique avian species seen 329 
per observation point.  Data were imported into ArcMap and a spatial join was used to assign each bird 330 
observation point data associated with the community in which it was found.  A code was assigned to 331 
each site such that 0 = not within a municipal boundary, 1 = within a non-Tree City community, 2 = 332 
within a Tree City community (Figure 4).  Additionally, points that fell within a community were assigned 333 
the varying levels of tree care practices (per CARS) of that community using a similar code.  Species 334 
diversity was compared between points within Tree City communities to those in non-Tree City 335 
communities and across observation points within each community type and in rural areas (non-336 
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community).   Communities that were listed as having sustaining or developing tree care practices by the 337 
CARS database were also compared.   All comparisons were done at the statewide level and also within 338 
each region (Figure 1) to account for possible regional variation.   339 
Comparisons were made using annual and seasonal summaries of bird species diversity.  Annual 340 
summaries were used to look at overall bird species diversity.  To account for seasonal variation (e.g., 341 
the migration of many birds) summaries of species diversity were calculated for each of the four seasons 342 
(i.e., summer, fall, winter and spring).   343 
Initially, ANOVAs were run including all data points from the bird data (including those outside of 344 
community boundaries), but the results were not clear.  It was determined that points falling outside of 345 
community boundaries (i.e., in rural areas) may have different avian species composition, therefore it 346 
was better to only compare points that fell within communities.  Therefore only data points that fell 347 
within a community (i.e., Tree City or non-Tree City, sustaining or developing, and no tree care) were 348 
used in the final analyses.   349 
Secondly, points that fell within Illinois Natural Areas Inventory (INAI) sites were excluded from the final 350 
analyses.  The INAI keeps track of areas in the state that are of reasonably high ecological quality (Figure 351 
5).  To address the possibility that a point had high avian species diversity only because it fell within a 352 
natural area (therefore not due to a level of urban tree care) we conducted analyses excluding 353 
observation points within INAI sites. 354 
Fish 355 
Fish IBI data was obtained from the IDNR Watershed Protection Section (Figure 6).  Data from collection 356 
points were categorized based on location (i.e., whether the point fell within a community or in a rural 357 
area).  Data were imported into ArcMap and a spatial join was used to assign information to each 358 
sample data point associated with the community in which it was found.  A code was assigned to each 359 
site such that 0 = not within a municipal boundary, 1 = within a non-Tree City municipality, 2 = within a 360 
Tree City community.  For points that fell within a community, the associated level of tree care practices 361 
(per CARS) was also assigned to the point.  ANOVA was used to compare fish IBI scores in communities 362 
with varying levels of tree care (i.e., those with Tree City USA status to those without; those listed as 363 
sustaining, developing or no tree care in the CARS database).   Because IBI scores from rural areas were 364 
expected to potentially represent a different composition of fish species, the final analyses compared IBI 365 
scores for sites only within community boundaries. 366 
  367 
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 368 
Figure 5.  Illinois natural areas as defined by the Illinois Natural Areas Inventory (INAI).  369 
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 370 
Figure 6.  Distribution of IBI fish community sample points in 2009.  Sites indicated with a square are 371 
within the municipal boundaries of a Tree City community, those indicated with an asterisk are within a 372 
non-Tree City community, and those indicated with a grey dot did not fall in a municipality. 373 
374 
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Water Quality 375 
Water quality data collected from 2009 sample points were received from the IEPA as an Access 376 
database file.  From the database, four parameters were chosen: turbidity (NTU), dissolved oxygen (DO; 377 
mg/L), total suspended solids (TSS; mg/L), and water temperature (Degrees C).  Sites without at least 378 
one of these parameters were removed from the analysis (Figure 7).  Data were imported into ArcMap 379 
and a spatial join was used to assign each EPA site the data associated with the municipality in which it 380 
was found.  This join was used to assign a code to each site such that 0 = not within a municipal 381 
boundary, 1 = within a non-Tree City municipality, 2 = within a Tree City community.  Additionally, points 382 
that fell within a community were assigned the varying levels of tree care practices (per CARS) of that 383 
community using a similar code.  This designation was used to compare the means of each water quality 384 
parameter across groups using ANOVA. 385 
 386 
Results and Discussion 387 
Land Cover 388 
When using data from Nowak and Greenfield (2010), communities designated as Tree City USA did not 389 
produce the expected differences compared to communities without Tree City USA status in developed 390 
land, impervious surface, tree canopy cover, or available green space at the state or regional level.  In 391 
fact, though several of the ANOVAs indicated a significant difference, further analyses showed that 392 
often the trend was opposite of what was expected (Table 1).  This was also true for communities listed 393 
as having sustaining or developing tree care programs (CARS) compared to communities without any 394 
tree care.  Nowak and Greenfield (2010) used the 2001 Landsat imagery for their analyses and these 395 
analyses are at a regional level.  Since these data are accurate only to the 30 m2 pixel they may not 396 
detect subtle changes in tree cover within communities.  These data suggest that analyses at a smaller 397 
scale may be more appropriate, for example looking at tree density measures collected for tree 398 
inventories at a community level. 399 
When using data from the NASS Land Cover, a few comparisons found interesting differences (Table 2).  400 
At the statewide level, Tree City communities and communities with more tree care practices had more 401 
urban area, higher populations, and less tree cover.  While this may initially imply there is more urban 402 
land in Tree City communities, we notice that Tree City communities also have a significantly higher 403 
mean population density; therefore it can be assumed that the increase of urban land cover is a result of 404 
more people living closer together, increasing the amount of impervious surface (and therefore 405 
decreasing tree cover).  One of the issues we must keep in mind during this project is as a general trend, 406 
larger cities are more likely to have Tree City status, while a smaller proportion of communities under 407 
25,000 people hold TCU status.  In fact, only three communities of those with over 50,000 people do not 408 
have Tree City USA status (88 percent), and only 5 of the communities with less than 1,000 people have 409 
Tree City status (0.08 percent). 410 
  411 
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 412 
Figure 7.  Location of Illinois Environmental Protection Agency sample points for water quality in 2009.  413 
Sites indicated with a square fell within the municipal boundaries of a Tree City community, those 414 
indicated with an asterisk fell within a non-Tree City community, and those indicated with a grey dot did 415 
not fall in a municipality. 416 
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Table 1.  Results from the ANOVA comparing land cover data from the Urban and Community Forests of 417 
the North Central East Region -US Forest Service (Nowak and Greenfield 2010) for Tree City 418 
communities and non-Tree City communities as well as for communities designated as having a 419 
sustaining, developing, or no tree care practices (CARS database).  Numbers represent the significance 420 
level of each ANOVA.  An ANOVA was considered significant at p = 0.05.  Significant ANOVA results are 421 
listed in boldface.  Trends are indicated with arrows: ↑means that the percent cover was found to be 422 
higher in communities with more tree care (i.e., Tree City communities or a CARS sustaining/developing 423 
community) and ↓ means that the percent cover was lower in communities with more tree care. 424 
 425 
  Statewide 
Northeastern 
Corner 
Central 
State 
Southern 
State 
Tree City Status: 
    
Impervious Surface Cover 0.000 ↑ 0.069 0.000 ↑ 0.001 ↑ 
Tree Canopy Cover 0.001 ↑ 0.007 ↑ 0.604 0.558 
Tree : Impervious Ratio 0.004 ↓ 0.085 0.216 0.216 
Green Space Cover 0.000 ↑ 0.000 ↑ 0.143 0.224 
Cover Developed Land 0.000 ↑ 0.000 ↑ 0.000 ↑ 0.079 
Tree Cover in Developed Areas 0.000 ↑ 0.000 ↑ 0.168 0.093 
Green Space in Developed Areas 0.000 ↓ 0.000 ↓ 0.000 ↓ 0.000 ↓ 
Forest Cover 0.040 ↓ 0.085 0.727 0.922 
     
CARS Status: 
    
Impervious Surface Cover 0.000 ↑ 0.274 0.000 ↑ 0.006 ↑ 
Tree Canopy Cover 0.000 ↑ 0.000 ↑ 0.131 0.523 
Tree : Impervious Ratio 0.276 0.916 0.774 0.626 
Green Space Cover 0.000 ↑ 0.000 ↑ 0.010 ↑ 0.191 
Cover Developed Land 0.000 ↑ 0.000 ↑ 0.036 ↑ 0.401 
Tree Cover in Developed Areas 0.000 ↑ 0.000 ↑ 0.022 ↑ 0.062 
Green Space in Developed Areas 0.000 ↓ 0.013 ↓ 0.000 ↓ 0.000 ↓ 
Forest Cover 0.505 0.577 0.555 0.955 
  426 
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Table 2.  Results from the ANOVA comparing population, coverage of urban land use and tree canopy 427 
cover from the NASS 2009 land cover for Tree City communities and non-Tree City communities as well 428 
as for communities designated as having a sustaining, developing, or no tree care practices (CARS 429 
database).  Numbers represent the significance level of each ANOVA.  An ANOVA was considered 430 
significant at p = 0.05.  Significant ANOVA results are listed in boldface.  Trends are indicated with 431 
arrows: ↑means that the cover was found to be higher in communities with more tree care (i.e., Tree 432 
City communities or a CARS sustaining/developing community) and ↓ means that the cover was lower 433 
in communities with more tree care. 434 
 435 
  Statewide 
Northeastern 
Corner 
Central 
State 
Southern 
State 
Population in 2000 0.000 ↑ 0.043 ↑ 0.000 ↑ 0.000 ↑ 
     
Tree City Status: 
    
Urban 0.000 ↑ 0.058 0.000 ↑ 0.002 ↑ 
High Density Urban 0.000 ↑ 0.022 ↑ 0.000 ↑ 0.000 ↑ 
Medium Density Urban 0.000 ↑ 0.002 ↑ 0.012 ↑ 0.007 ↑ 
Low Density Urban 0.640 0.059 0.464 0.718 
Urban Open Space 0.000 ↓ 0.542 0.000 ↓ 0.039 ↓ 
Forest Tree Cover 0.001 ↓ 0.006 ↓ 0.221 0.501 
Total Tree Cover 0.000 ↓ 0.007 ↓ 0.196 0.342 
Non-Urban 0.000 ↓ 0.015 ↓ 0.169 0.180 
Wooded Wetland 0.006 ↓ 0.684 0.560 0.330 
Deciduous Tree Cover 0.001 ↓ 0.007 ↓ 0.221 0.506 
Evergreen Tree Cover 0.116 0.061 0.769 0.543 
     
CARS Status: 
    
Urban 0.000 ↑ 0.560 0.001 ↑ 0.014 ↑ 
High Density Urban 0.000 ↑ 0.184 0.000 ↑ 0.000 ↑ 
Medium Density Urban 0.000 ↑ 0.124 0.147 0.015 ↑ 
Low Density Urban 0.771 0.100 0.500 0.995 
Urban Open Space 0.000 ↓ 0.734 0.023 ↓ 0.094 
Forest Tree Cover 0.085 0.472 0.480 0.675 
Total Tree Cover 0.019 ↓ 0.401 0.429 0.699 
Non-Urban 0.000 ↓ 0.275 0.309 0.472 
Wooded Wetland 0.028 ↓ 0.183 0.799 0.822 
Deciduous Tree Cover 0.085 0.474 0.480 0.676 
Evergreen Tree Cover 0.631 0.678 0.817 0.890 
 436 
  437 
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Birds 438 
When bird species diversity was analyzed within communities, more bird species were observed in Tree 439 
City communities and in communities with sustaining and developing tree care programs than in non-440 
Tree City communities or in communities with no tree care (Figure 8).  ANOVA results (excluding points 441 
that fell outside of municipal boundaries or within INAI sites) are listed in Table 4.   442 
Statewide, birding locations within Tree City communities had more bird species observed in the spring 443 
and fall (i.e., during migration) than did non-Tree City communities (Table 3).  While significantly fewer 444 
bird species were observed at points in Tree City communities in the winter.  In the spring, an average of 445 
7.9 bird species was observed per location in Tree City communities compared to an average of 5.4 446 
species at observation points within non-Tree City communities.  In the fall an average of 4.9 species 447 
observed at points in Tree City communities compared to 2.5 species in non-Tree City communities.  448 
When each region of the state was considered separately, fewer bird species were observed on average 449 
in the winter in the Northeastern Corner and Central State Regions.  In the Central State Region more 450 
species diversity was only observed in Tree City communities in the fall, but in Southern State Region, 451 
this trend was observed in both the spring and fall (Table 4). 452 
The CARS system of rating communities based on levels of tree care may be a better indicator of bird 453 
use than Tree City USA status.  Statewide and in the Northeastern Corner Region observation points 454 
within communities that have sustaining tree care programs had more bird species than those in 455 
communities with developing tree care programs or none at all (Table 3).  In the Central State Region, 456 
more bird species were observed in the spring and fall counts, but no significant difference was 457 
observed among developing, sustaining, and communities without tree care.  No significant differences 458 
were seen in the Southern State Region (Table 4).  This may partially be attributed to fewer observation 459 
points in this region compared to the other regions of the state.   460 
  461 
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462 
 463 
Figure 8.  Box plots of bird diversity, defined as the number of avian species observed in 2009 at 464 
observation points.  The top box plot depicts bird diversity for communities with and without Tree City 465 
USA status.  The bottom box plot depicts bird diversity for communities in groups based on the 466 
Community Accomplishments Reporting System (CARS).  The horizontal center bar represents the mean, 467 
the box represents the 25 quartiles, and the vertical bars represent 1.5 times the inter-quartile range.  468 
Outliers at least three standard deviations from the mean are depicted by a dot and labeled with the 469 
number of species observed.  470 
CARS Status 
 20 
 
Table 3.  Average number of bird species observed in 2009 at observation points falling within 471 
community boundaries and excluding points that fell within an Illinois Natural Areas Inventory (INAI) 472 
site.  Average species diversity is reported for points in Tree City (TCU) and non-Tree City (non-TCU) 473 
communities as well as for points in communities designated as having a sustaining, developing, or no 474 
tree care practices (CARS database). 475 
 
Statewide 
Northeastern 
Corner 
Central 
State 
Southern 
State 
TCU: 
    
Species Count 17.0 16.7 17.6 22.8 
Winter Species Count 6.7 5.8 9.6 18.8 
Spring Species Count 7.9 8.5 4.3 6.2 
Summer Species Count 3.5 3.7 2.6 2.3 
Fall Species Count 4.9 4.7 5.7 4.9 
     
Non-TCU: 
    
Species Count 17.3 16.8 18.0 17.6 
Winter Species Count 10.3 7.3 12.4 15.5 
Spring Species Count 5.4 6.9 4.7 2.2 
Summer Species Count 3.0 4.2 2.0 1.1 
Fall Species Count 2.5 3.3 1.9 1.3 
     
CARS - Sustaining: 
    
Species Count 19.6 19.6 17.9 23.0 
Winter Species Count 6.6 6.0 9.6 18.0 
Spring Species Count 10.3 10.7 7.0 6.7 
Summer Species Count 4.7 4.8 3.0 3.0 
Fall Species Count 5.6 5.7 4.3 5.4 
     
CARS - Developing: 
    
Species Count 15.2 14.0 18.4 22.3 
Winter Species Count 8.1 7.3 9.7 21.6 
Spring Species Count 4.6 4.9 1.1 4.3 
Summer Species Count 2.7 2.6 2.4 0.0 
Fall Species Count 3.8 3.1 7.4 3.0 
     
CARS – no tree care: 
    
Species Count 15.4 13.2 17.8 17.9 
Winter Species Count 8.9 5.6 11.7 15.6 
Spring Species Count 4.7 5.3 4.7 2.3 
Summer Species Count 2.4 2.9 2.1 1.1 
Fall Species Count 2.8 3.0 2.8 1.4 
 476 
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Table 4.  Results from the ANOVA comparing number of species observed in 2009 at each observation 477 
point falling within community boundaries and excluding points that fell within an Illinois Natural Areas 478 
Inventory (INAI) site.  Species diversity is compared for points in Tree City communities and non-Tree 479 
City communities as well as for points in communities designated as having a sustaining, developing, or 480 
no tree care practices (CARS database).  Numbers represent the significance level of each ANOVA.  An 481 
ANOVA was considered significant at p = 0.05.  Significant ANOVA results are listed in boldface.   482 
 
Statewide 
Northeastern 
Corner 
Central 
State 
Southern 
State 
Tree City Status: 
    
Species Count 0.750 0.936 0.928 0.079 
Winter Species Count 0.000 0.012 0.007 0.127 
Spring Species Count 0.002 0.172 0.789 0.014 
Summer Species Count 0.266 0.457 0.456 0.386 
Fall Species Count 0.000 0.076 0.000 0.035 
     
CARS Status: 
    
Species Count 0.000 0.000 0.968 0.233 
Winter Species Count 0.000 0.048 0.200 0.310 
Spring Species Count 0.000 0.000 0.041 0.051 
Summer Species Count 0.000 0.002 0.792 0.388 
Fall Species Count 0.000 0.000 0.007 0.100 
 483 
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Fish 485 
As with the bird data, the ANOVA was first ran with all the data including data from sites within and 486 
outside of community boundaries.  Significantly lower IBI scores were found at sample locations within 487 
community boundaries compared to rural sample sites.   But, when the ANOVA was ran using only the 488 
sample points within community boundaries, no difference was found between IBI scores at sample 489 
points in Tree City communities compared non-Tree City communities at the state level (p = 0.119), nor 490 
was a difference observed in IBI scores for points in sustaining, developing or communities with no tree 491 
care (p = 0.107). 492 
At the regional scale, a different pattern emerged.  In the Northeastern Corner Region there was no 493 
difference between Tree City and non-Tree City communities (p = 0.855).  In the Central State Region, 494 
sites in Tree City communities had lower IBI scores than sites in non-Tree City communities (p = 0.016), 495 
and in the Southern State Region, only one site with a fish sample fell within a Tree City, therefore the 496 
ANOVA could not be run.  When the CARS assessment of communities with developing versus sustaining 497 
tree care programs was tested, we did not find any difference between IBI scores in communities with 498 
or without tree care practices at the state or regional levels.  Due to the low sample size of this data set, 499 
these results cannot be given much weight.  The stark lack of sample sites within community boundaries 500 
indicates a possible need for the IDNR and IEPA to expand their sample locations to more urban areas. 501 
Water Quality 502 
Urban development often has negative impacts on waterways that flow through urban centers (Carle et 503 
al. 2005, Peters 2009).  Others have found that trees can mitigate some of the negative urban impacts.  504 
Trees improve stream bank stability, and thereby reduce sedimentation and turbidity (Langendoen et al. 505 
2009).  They can decrease pollutants in the water by slowing rain water before it reaches the stream, 506 
letting the soil filter out urban pollutants, and trees will take up some of those pollutants into their 507 
biomass.  Yoshitake et al. (2001) found planting willow (Salix spp.) and Cyprus (Taxodium spp.) trees 508 
along the shore of an eutrophic lake effectively improved water quality and shoreline aesthetics by 509 
promoting revegetation of herbaceous growth and through storage of nitrogen and phosphorus.  And 510 
McBride and Booth (2005) found in a study of three urban watersheds that stream water quality 511 
improved when the stream flowed through an intact riparian buffer with tree cover or wetland 512 
vegetation compared to un-buffered urban areas.   While our study showed very little difference in 513 
water quality parameters using neither the Tree City status nor the CARS classification (Table 5), this 514 
does not imply that urban lands in Illinois have no effect on stream water quality.  It does imply that this 515 
is an area that requires a more localized or focused studies such as those by Yoshitake et al. (2001) and 516 
McBride and Booth (2005).   517 
 518 
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Table 5.  Results from the ANOVA comparing water quality parameters for sites within community 520 
boundaries.  Comparisons are reported for data collected in 2009 by the Illinois Environmental 521 
Protection Agency.  Water quality is compared for points in Tree City communities and non-Tree City 522 
communities as well as for points in communities designated as having a sustaining, developing, or no 523 
tree care practices (CARS database).  Numbers represent the significance level of each ANOVA.  An 524 
ANOVA was considered significant at p = 0.05.  Significant ANOVA results are listed in boldface.  In 525 
Region 2, there were not enough points that fell within community boundaries for comparison with an 526 
ANOVA for DO and Water Temperature. 527 
  Statewide 
Northeastern 
Corner 
Central 
State 
Southern 
State 
Tree City Status: 
    
Dissolved Oxygen (DO) 0.340 0.920 0.758 0.070 
Total Suspended Solids 0.923 0.102 0.981 0.198 
Turbidity 0.251 0.250 0.952 0.033 
Water Temperature 0.812 0.814 0.916 0.819 
     
Cars Status: 
    
Dissolved Oxygen (DO) 0.443 0.588 . 0.221 
Total Suspended Solids 0.393 0.664 0.671 0.186 
Turbidity 0.030 0.125 0.517 0.007 
Water Temperature 0.967 0.629 . 0.325 
 528 
 529 
 530 
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Recommendations  532 
In order for the urban forestry profession to take an ecological approach to the management of the 533 
urban forest, local forest managers need to be provided with sound science-based ecological 534 
management prescriptions that can easily be integrated into their already busy management regimes.  535 
While the trees that urban foresters and municipal arborists mange already have been documented as 536 
providing significant benefits to the citizens and tax payers (Dwyer et al. 1992), less has been 537 
documented concerning their contribution to the ecological world based on a managed urban 538 
environment.  The question remains as to what other ecological services have been served by the 539 
preservation, management, and care of local forests, and what ecosystem strategies can be integrated 540 
into local community forestry program objectives and management actions to enhance the ecosystem 541 
services provided by trees. 542 
 543 
The practice of urban and community forestry management poses a vast array of potential to decrease 544 
and mitigate the negative impacts of anthropogenic perturbations on the natural landscape.  This study 545 
shows that the IDNR UCF program, Tree City USA and tree planting initiatives have helped the IDNR 546 
mission and goals beyond the initial program outreach.  Additional resources and assistance need to be 547 
provided through the national and state-level UCF programs to strive for a larger ecological approach 548 
using and expanding upon existing local programs.  Integrated tool kits with practical ecological 549 
management options should be created and provided to Tree City USA communities.   550 
 551 
Future Research 552 
These analyses though at a fairly large and coarse scale, suggest an opportunity and need for further 553 
research connecting urban forestry management practices to ecologic benefits at smaller scales.  Studies 554 
such as on the one by Xiao (1998) suggest that we would find greater benefits from a well maintained 555 
urban forest if addressed at a more local scale.   556 
It is no mystery that urban development can have negative ecological impacts.  Nelson and Booth (2002) 557 
found in one stream watershed that anthropogenic development can cause an increase of 50 percent in 558 
the sediment supply in stream water, and Peters (2009) documented significantly higher concentrations 559 
of major ions, metals, and coliform bacteria in streams with watersheds impacted by Atlanta, GA 560 
compared to reference streams.  Decreased biotic integrity of streams has been correlated with 561 
elevated levels of nutrient concentrations (Miltner and Rankin 1998) as well as overall urban 562 
development (Miltner et al. 2004).  Yet many of these impacts can be significantly reduced by sound 563 
management practices in urban areas.  Trees and other vegetation (such as rain gardens) grown in the 564 
riparian zone of a stream intercept and filter out pollutants in urban runoff before it reaches the stream, 565 
and it has been found that stream water quality can actually improve locally as a stream flows through 566 
an area protected by a healthy riparian buffer (Bannerman and Considine 2003, McBride and Booth 567 
2005).  The authors suggest using findings such as these to target areas such as stream riparian zones or 568 
point source outflows for tree plantings.   569 
Planting the right tree in the right place may extend beyond preventing trees’ interference with power 570 
lines.  This concept can also be applied to create a bird-friendly habitat in the urban setting.  This study 571 
found more bird species were observed during migration times in communities where tree planting and 572 
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care activities enhanced the local municipal forest.  More research is needed to determine why.  For 573 
example, is the tree species diversity appealing to birds, do Tree City communities have more trees for 574 
perching, or are they simply located in birds’ historic migration patterns?  More information and 575 
management tools should be provided to municipal staff so that they can continue to enhance urban 576 
habitats and test for species-habitat interactions.  According to Marzluff and Ewing (2001), the 577 
conversion of habitat for urbanization has a greater impact on natural ecosystems (including habitats for 578 
birds) than do agriculture or forestry practices (such as clear-cutting).  Once development has taken 579 
place, urban areas rarely convert back to their natural state.  Because of this, communities must do as 580 
much as feasible to reduce the impact of development.  One way to do this is to decrease the amount of 581 
connected impervious area and increase riparian buffers.  Pennington et al. (2008) found that wider 582 
riparian areas (>500 m) were associated with increased neotropical migrants, and in general, native bird 583 
species were positively correlated with tree cover and negatively correlated to building area while exotic 584 
bird species responded conversely to both metrics. 585 
The vast array of ecological services that urban forests can provide has only begun to be tapped into.  586 
Because of this, local forest managers need to be brought to the table to share their expertise at 587 
regional planning events and decision-making meetings.  More research focused on the efficacy of local 588 
community forestry programs is needed.  Much research has been done in other states focusing on 589 
micro-management and single project impacts (for example: Xiao 1998, Yoshitake et al. 2001), but more 590 
needs to be done to provide community services and management reviews based on ecological criteria.  591 
By adding ecological research and strategies to urban and community forestry management, we can 592 
maximize the benefits our natural resources provided to urban citizens and natural systems alike.   593 
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